We have evaluated the relationship between systolic blood pressure (SBP) and age, body mass index (BMI), waist circumference, sodium to potassium ratio (Na/K), and tobacco use in an urban African population. We conducted a random, population-based, cross-sectional survey of people 25 years and older in Marondera, Zimbabwe, with over-sampling in older age groups (n = 775), using a method comparable to that used in International Collaborative Study on Hypertension in Blacks (ICSHIB).
Introduction
Many recent studies have reported high levels of hypertension in urban southern African populations. [1] [2] [3] [4] [5] [6] [7] The prevalence of hypertension in an urban Zulu population in South Africa was 25% using World Health Organisation (WHO) criteria systolic blood pressure (SBP) у160 and/or diastolic blood pressure (DBP) у95 mm Hg for people between 30 and 65 years of age with slight increases and decreases in the criterion for younger and older people respectively. 1 In an urban black population in Johannesburg, South Africa, the mean SBP in men and women aged 40-49 was 140 and 147 mm Hg, respectively, and was still higher in older age groups. 2 Among women of child bearing age in a mining town in Zimbabwe, the prevalence of hypertension (SBP у160 or DBP у95 mm Hg or use of hypertensive medications) was 15% 3 and the average SBP in urban Zimbabwean women, aged 40 and older, was greater than 140 mm Hg. 4 In an urban Malawian population, the blood pressure rose sharply with age and the average SBP was greater than 140 mm Hg in men 45-55 years of age. 5 The variation in the prevalence of hypertension within these populations and between these and other black populations may be caused by variations in the levels of risk factors such as body mass index (BMI), sodium intake, education, socio-economic status, psychological stress or unidentified factors that accompany an urban lifestyle. 2, 4, [8] [9] [10] [11] [12] [13] [14] Cross-country or site comparisons of the relation of these risk factors to SBP or hypertension are often difficult to make because of the use of differing study protocols for measurement of both risk factors and of blood pressure. To help circumvent these problems, large studies such as INTERSALT or the International Collaborative Study on Hypertension in Blacks (ICSHIB), a study of black people of West African origin, have been using standardised protocols for measurements at multiple sites. 15 The ICSHIB study found a wide variation in the prevalence of hypertension and its associated anthropometric risk factors in black populations living in West Africa, the Caribbean, and the USA. 9 The study sites were Present day Zimbabweans share a cultural, linguistic and genetic heritage with peoples of West Africa. [16] [17] [18] To facilitate comparison between an urban Zimbabwean population and other black populations, we have used standardised ICSHIB protocols to conduct a random, population-based study of people 25 years and older in Marondera, Zimbabwe. The objectives of the study were to explore the potential relations between blood pressure and age, BMI, Na/K ratio, alcohol, tobacco and time in rural areas and to compare the relationship of BMI and hypertension in Zimbabwe to the pattern observed in the ICSHIB sites.
Subjects and methods
The survey was conducted from July through October 1995, in Dombotombo township in Marondera, Zimbabwe. The Medical Research Council of Zimbabwe approved the study and informed consent was obtained from all participants.
Marondera has an estimated population of 19 366 people. 19 Housing in Dombotombo township consists mainly of closely spaced, single-story block houses. The majority of the women who participated in the study were either housewives or vendors. The majority of the men held semi-skilled or skilled jobs, the most frequently reported jobs were labourer, vendor, security guard, driver, construction worker, and landlord. Seventeen percent of the men were unemployed. Less than 2% of the people interviewed held professional jobs.
Adults, 25 years and older were sampled according to the 'probability proportionate to size' cluster sampling technique, used in the ICSHIB study. 20 Briefly, the method involves random selection of clusters, from all possible clusters in an area. In this study, a cluster was all the houses on a named street. Interviewers asked for the names of all persons in each house over the age of 25 (older age cut-offs were used as the younger age categories were filled) who had lived in the community for at least 3 years. The study was described as a 'study of blood pressure'. Approximately 100 men and 100 women in each age group (25-34, 35-44, 45-54 and 55+ years) were recruited which resulted in over-sampling in the older age groups. Participants were interviewed in their house in the local language, Shona, using an English questionnaire. The interviewers were trained in administration of the questionnaire in Shona. The questionnaire contained questions about previous diagnosis of hypertension, past and present treatment for hypertension, education level, amount of time spent outside of Marondera in rural or urban areas, occupation, ethnicity, alcohol and cigarette use, and other variables. Containers for a single spot urine sample were provided at the time of the interview and the participant was asked to come to a nearby measurement site the next day, with a urine sample.
The eligibility criteria were that they have lived in Marondera over 3 years and that they be 25 years or older. In all, 1393 potentially eligible people were enumerated. Seventy percent (n = 974) of the people enumerated were directly contacted by an interviewer at the first visit; 30% (n = 419) were not at home. Almost all of the people contacted on the first visit (n = 949) agreed to an interview in their home; only 2% (n = 10) of the people who were not at home at the original visit were eventually interviewed. Of the 959 people interviewed, 84% (n = 804) came to the measurement site for blood pressure and anthropometric measurements. Upon subsequent examination of the records, 775 people met the study's eligibility criterion and were included in the analysis (five people were excluded because of missing blood pressure or anthropometric measurements except from bioelectrical impedance analysis). Participation, defined as the number of participants who had their blood pressure measured, divided by the number of potentially eligible participants enumerated at the time of initial contact with a household, was 57%. This figure is most likely an underestimate of the percent participation as some of the people who could not be directly contacted at the time of the enumeration might not have actually been eligible.
A member of the team (HVS) was originally certified to take blood pressure and anthropometric measurements at Loyola University Medical Center by the ICSHIB personnel. 15 This team member subsequently certified field workers at the University of Zimbabwe. In contrast to ICSHIB sites, where manual blood pressure measurements were made with mercury manometers, blood pressures in Zimbabwe were measured using Omron HEM-713C automated oscillometric blood pressure machines. To ensure that these measurements would be comparable to manually taken measures, two independent studies were conducted in Marondera. The first study (n = 116) found only slight differences in the mean blood pressures measured by the two methods; 0.7 mm Hg for SBP and 0.2 mm Hg for DBP (manual minus automated). The automated machines obtained a grade B when using the British Hypertension Society criteria. 21 The second study was performed on the first 97 participants in this survey. The first 97 participants were significantly younger (38.6 ± 10.6 years) and had a slightly, but not significantly, higher BMI (24.8 ± 5.5) than subsequent study participants. The manual and OMRON methods gave comparable readings with a difference in the means (manual minus automated) of −0.1 for SBP and −4.0 for DBP and concordance correlation coefficients of 0.955 (0.953-0.956) for SPB and 0.847 (0.841-0.853) for DBP. 22 The blood pressure measurement protocol was adapted from ICSHIB. 15 The subjects were seated for 5 min before measurement and blood pressure was then measured three times separated by 1-min rest periods. The average of the last two readings is reported here. Unless otherwise noted, hypertension was defined as SBP у140 mm Hg and/or DBP у90 mm Hg and/or use of medications.
Weight, height, waist and hip circumference were measured in ways directly comparable to those previously described and average waist and hip circumference, BMI, waist-to-hip ratio were calculated as previously described. 20 Percentage of body fat was estimated from bioelectrical impedance analysis as previously described. 23, 24 Two men had negative values for percentage of body fat and were excluded from the correlation analysis of this variable.
Spot urine samples were analysed for sodium and potassium using flame photometry. Sodium-topotassium ratio was calculated from the concentration of the two ions determined by flame photometry. Sodium and potassium values were missing for 79 people and two influential observations with Na/K ratio Ͼ30 were removed from the analysis.
Statistical analysis
Data were double entered into SAS 6.12 and EpiInfo 6.04a. All non-matching entries were corrected. Statistical analysis was performed with SAS Version 6.12. (SAS Institute, Cary, NC, USA). Sex differences were assessed using t-tests and 2 tests. Age differences in variables for each sex were evaluated using 2 tests and analysis of variance. Relationships between variables were assessed using Pearson and Spearman correlations. The results obtained from the two correlation analysis were similar and therefore only the Pearson correlations are presented. The prevalence of hypertension in men and women in Marondera 25 years and over was estimated by ageadjustment to census values for the Marondera population. 19 Age category-adjusted means for selected variables were calculated for hypertensives and nonhypertensives using generalised linear models and equal weights for each age category. Linear regression models with SBP as the dependent variable were constructed separately for men and women. Models included age, BMI, Na/K ratio, months spent in a rural area in the last year, alcohol and tobacco use, and ethnicity (Shona or not Shona). Hip, waist and waist/hip ratio (WHR) were not included in the models because of problems associated with multicolliniarity. Exclusion of people using antihypertensive medications did not substantially change the conclusions reached in these analysis (exception, the coefficient for Na/K ratio in men decreased from 1.0 to 0.83 and was no longer significant, P = 0.10). Therefore people using antihypertensive medications were included in all analysis.
To compare the average BMI and percent hypertension between Zimbabwe and the ICSHIB populations, the values for each country were ageadjusted to the distribution of men and women in the combined ICSHIB study populations. 9 The ICSHIB study population contains approximately equal numbers of people in each age category; adjustment to this population will therefore overestimate the actual prevalence of hypertension in Marondera because of the greater proportion of older people. The age-adjusted prevalence of hypertenJournal of Human Hypertension sion (with equal weights for each age category) per site specific quintile of BMI was calculated for Zimbabwe and selected ICSHIB sites.
Results
The selected demographic characteristics of the study population, stratified by sex and 10-year age groups are shown in Table 1 . Sixty-five percent of men and 74% women in this survey identified themselves as Shona. The next most prevalent ethnicity was Malawi with 19% male and 15% female. The proportion of Shona men was highest in the youngest age group (77%), and lowest in the men over 55 years old (40%). Of the men over 55, 31% were from Malawi and 25% from Mozambique. The median level of education was lower in older individuals of both sexes, and was higher in men than in women. The use of both alcohol and tobacco were significantly greater in men than in women (P Ͻ 0.001). During the preceding 12 months women spent more months in rural areas than did men. The reported use of hypertensive medication was greater among older women than younger women; 2% of women aged 25-34 reported use and 27% of women aged 55 and over. Older men also reported a higher prevalence of hypertensive medication use; 1% of men aged 25-34 and 17% of men aged 55 and over.
The majority of the women who participated in the study classified themselves as housewives (30%) or vendors (35%). The majority of the men held semi-skilled (36%) or skilled jobs (27%); the most frequently reported jobs were labourer, vendor, security guard, driver, construction worker, and landlord. Seventeen percent of the men were unemployed. Less then 2% of the people interviewed held professional jobs.
Selected anthropometric variables are presented in Table 2A and B. As a group women had significantly greater weight, waist, hip, BMI and percent body fat, whereas men had significantly greater height and waist-to-hip ratio (All comparisons, P Ͻ 0.001). Sodium-to-potassium ratio (Na/K ratio) did not vary between men and women but was lower in people over 45 years of age. In women, most anthropometric variables appeared to peak or plateau in the 35-44 year age group, whereas in men, waist and waist-to-hip ratio were largest in the oldest age group. When age-adjusted to the population of Marondera 25 years and over, 19 the average BMI was 26.3 kg/m 2 in women and 21.4 kg/m 2 in men. Women had significantly higher SBP and DBP pressures than men (SBP, P = 0.008, DBP, P = 0.001). Figure 1 shows the change in both percent hypertension and SBP by age for males and females. In every age group, men had a lower prevalence of hypertension and lower or similar mean SBP when compared to women. In women, the prevalence of hypertension increased from 15% in the 25-34 age group to 63% in the over 55 age group and in men in the same age groups it rose from 9% to 47%. When ageadjusted to the population of Marondera, 19 the prevalence of hypertension in people 25 years and over was 30% for women and 21% for men.
Pearson correlations between risk factors are 63 ± 10 62 ± 7 6 4 ± 9 6 5 ± 13 63 ± 11 Height (cm) 171 ± 6 174 ± 6 172 ± 6 169 ± 6 169 ± 5 Waist (cm) 79 ± 9 7 5 ± 5 7 9 ± 7 8 2 ± 11 81 ± 10 Hip (cm) 91 ± 7 9 0 ± 5 9 1 ± 6 9 3 ± 9 9 2 ± 7 Waist-to-hip ratio 0. s.d., standard deviation. *BIA was not performed on three men and four women, two men were excluded because of negative results. §Urine samples were missing for 34 men and 45 women, one man and one woman were excluded for Na/K ratio Ͼ30.
A. Female
shown in Table 3A and B for women and men. The highest positive correlations with SBP for women and men, respectively, were, 0.37 and 0.35 with age, 0.29 and 0.31 with waist, 0.22 and 0.32 with BMI, 0.25 and 0.23 with WHR and 0.20 and 0.24 for percent fat mass. Some of the anthropometric measurements (BMI, waist and WHR) were more positively correlated with age in men than in women and the various anthropometric measures for adiposity were very highly correlated in both men and women.
Hypertensive men and women had significantly greater age-adjusted BMIs, waist and hip circumferences and WHRs than non-hypertensives (Table 4) . Sodium/potassium ratio was not significantly associated with hypertension in men or women, although it was significantly associated with SBP in men (see below). Figure 2 shows the differences in percent hypertension per quintile of BMI in younger (25-44 years), and older (45 years and over) men and women. The average SBP was greater in older men than in younger men and SBP increased lin- 
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early with BMI. The pattern was more complex for women, as older women appeared to have a plateau of SBP at BMIs у25 kg/m 2 . The prevalence of hypertension followed roughly the shape of the SBP curves. At similar BMIs, men and women had similar average SBPs and levels of hypertension.
Linear regression models for SBP were constructed separately for men and women (Table 5) . Tobacco use (mainly in the form of snuff), was associated with a lower blood pressure in women (P = 0.019). In men, but not in women, increasing Na/K ratio was associated with an increased SBP (P = 0.047). Alcohol use, months spent in a rural area in the last 12 months and ethnicity were not significantly associated with SBP. The adjusted R 2 for men or women changed less than 2% between models containing only age and BMI, and models containing the other potential risk factors.
For each of the ICSHIB countries and Zimbabwe the age-adjusted prevalence of hypertension in men and women were plotted against the age-adjusted BMI (Figure 3a and b) . The prevalence of hypertension in men and women was much higher than what would be predicted from the relationship between BMI and hypertension observed in other countries. The age-adjusted prevalences of hypertension in Zimbabwe, rural Cameroon, urban Nigeria, Jamaica and Maywood (USA) were also compared by quintiles of BMI in men and women (Figure 4) . At comparable BMIs, women in Zimbabwe had higher prevalences of hypertension than women at ICSHIB sites. The prevalences of hypertension in women at ICSHIB sites were similar across the range of BMIs, except for rural Cameroon which had lower prevalences of hypertension in two quintiles with average BMIs of less than 23 kg/m 80 ± 12 86 ± 12** 78 ± 9 8 3 ± 9** Hip (cm) 99 ± 12 104 ± 12** 90 ± 7 9 4 ± 7** Waist-to-hip ratio 0.807 ± 0.059 0.830 ± 0.059** 0.860 ± 0.052 0.874 ± 0.054* Na/K ratio 3.3 ± 2.6 3.3 ± 2.1 3.4 ± 2.6 3.3 ± 1. 8  Tobacco smokers  14  11  46  46 a Means are age-adjusted to an equal number of people in each of the four age categories. s.d., standard deviation; Na/K ratio, sodium potassium ratio. *0.01 Ͻ P Ͻ 0.05, **P Ͻ 0.001 for difference between non-hypertensive and hypertensive. hypertension over their common range of BMI. Their prevalences of hypertension at comparable BMIs were higher than those observed in men in Jamaica and rural Cameroon.
Discussion
We have measured the distribution of risk factors for hypertension and the level of hypertension in an urban population in Southern Africa using almost identical methods to the ICSHIB study. The women have a strikingly higher prevalence of hypertension than do the men in this population. The difference may, in part, be explained by the stronger sexual dimorphism in BMI than in any of the ICSHIB populations; 20 women have a 17% higher average BMI than men. At comparable BMIs the prevalences of hypertension or SBPs were similar in Zimbabwean men and women. In addition, at comparable percent body fat, women had lower age-adjusted percentage of hypertension than men (data not shown). This would be expected given that men have lower percent body fat than women at a given BMI. 23 The relationship between BMI and SBP in men and women was different from that observed in a study of Nigerian civil servants; Nigerian men had higher levels of SBP than women at comparable BMIs. 12 In the Zimbabwean women, there was a plateau in both SBP and hypertension at BMIs у25 kg/m 2 . For the men there were too few observations over a BMI of 25 kg/m 2 to explore the possibility of a plateau. Plateaus of SBP at both lower and higher BMIs were observed in male and female Nigerian civil servants. 12 Kaufman et al 25 found evidence of a plateau at lower BMIs in older women, although not in men, in the combined lean ICSHIB and Nigerian Adult Mortality Study populations.
Within the Zimbabwean population we did not observe any significant trend in blood pressure with increasing months per year spent in a rural area outside of Marondera. Tobacco use in women, mainly in the form of snuff, was associated with a significantly lower blood pressure. This is contrary to a recent study from Sierra Leone that reported that SBPs and DBPs were positively associated with use of snuff although the association disappeared when controlled for age. 26 Two large studies in the US and Sweden have reported no or a positive relationship between smokeless tobacco use and blood pressure in men. 27, 28 These divergent results may reflect differences in the effect of snuff in these populations or in other unmeasured characteristics associated with snuff use in Zimbabwean women. Although they reached statistical significance, risk factors other than age and BMI (or other related anthropometric measures) explained little of the variation in SBP. In men, but not in women, the Na/K ratio was positively associated with SBP. The lack of a correlation between Na/K ratio and SBP in women may result from the relatively small sample size and/or from the uncertainty introduced by use of spot urine samples. However, studies that have suggested that spot urine samples may be useful in measuring sodium/potassium ratio particularly in populations where diet is fairly constant. 29 Assuming that the methodologies are comparable, the use of ICSHIB methodology allows us to directly compare Zimbabwe to the ICSHIB populations. When age-adjusted to the ICSHIB study population, the prevalence of hypertension in Zimbabwean women (41%) is higher than observed in women at sites in Western Africa, the Caribbean and in urban USA (Maywood). 9 The mean BMI of women in Zimbabwe is 4.7 kg/m 2 lower than Maywood and yet the prevalence of hypertension is 8% higher. Males in the Zimbabwean population have a BMI (21.7 kg/m 2 ) that is similar to Urban Nigeria but have a prevalence of hypertension that is higher than all of the other sites except Maywood where the average BMI is 27.1 kg/m 2 . Zimbabwean and Jamaican men and women have very similar average percent body fat 23 and yet the Zimbabweans have a much higher prevalence of hypertension. One partial explanation for these differences may be that the relationship between BMI and SBP is steeper in both Zimbabwe men and women than in the other relatively lean (African and Caribbean) populations. 25 This would suggest that BMI may be a better proxy for underlying risk factors in urban Zimbabweans or that, in the presence of unidentified environmental or genetic factors, BMI has a stronger relation to hypertension in this population than in others.
Average salt consumption in Zimbabweans, as indicated by Na/K ratio, is higher than the African sites Nigeria and Cameroon, similar to Jamaica and lower than Maywood (USA) and Barbados. 9 Elevated sodium consumption does not appear to be responsible for the high level of hypertension in Zimbabwean women, as ICSHIB sites with similar or higher average BMIs and Na/K ratios have lower prevalences of hypertension than Zimbabwe.
There are several potential limitations of this study. First, because this is a cross-sectional study, Journal of Human Hypertension the temporal or causal relationships of anthropometric measurements and questionnaire responses to our outcome of interest, SBP and hypertension, cannot be assessed.
Another concern was that over-reporting of antihypertensive medication use or over-reading of DBP because of use of oscillometric method could have inflated the levels of hypertension in Zimbabwe. The removal of all people who were hypertensive only because of a report of medication, lowered the prevalence of hypertension from 41 to 35% in women and 28 to 24% in men. The levels of hypertension in men would be similar to those in Urban Nigeria. The women would remain higher than the other sites. The percentages of people in Zimbabwe who were hypertensive solely because of reported of hypertension medication use, or who reported using medication but had a SBP under 120 mm Hg, was similar to or lower than that observed in Barbados, Jamaica and Maywood. With the exception of Barbados, more Zimbabwean women (5%) were hypertensive because of an isolated elevated DBP than in any other site. However removal of people with DBP Ͻ94 mm Hg (based on the comparison study which showed DBP might be over-read by an average of 4 mm Hg) only lowered the prevalence of hypertension by 1.5% in men and women. These comparisons suggest that neither the reported levels of hypertensive medication use nor the possible overreading of DBP can explain the high levels of hypertension in Zimbabwe.
People who spent more time in their homes would have been more likely to have participated in the study as they would have been more likely to be home when the interviewers came to recruit participants. This may limit our generalisability to the population as a whole. Hypertensives or people who were worried about their blood pressure may have been attracted to the study because of the use of the word 'blood pressure' in the name of the study. Eighty-four percent of the people who were directly contacted participated in the study, suggesting that bias caused by potentially lower participation among people who did not have hypertension would be likely to be small, and would not substantially change the findings. The study was described as a blood pressure study to help allay the strong concern in people that their blood was being drawn for HIV testing. There is a relatively high prevalence of HIV infection in Zimbabwe 30, 31 and Zimbabwean people are generally disinterested in, and sensitive about, HIV testing because of the stigma associated with being HIV positive. We do not know the prevalence of HIV infection or AIDS in our sample or how its presence might have affected our results.
In conclusion, Zimbabwe appears to have very high levels of hypertension. The relatively large increases in SBP per unit increase of BMI and age suggest that the prevalence of hypertension in this population could reach even higher rates as they become older and heavier. The elevated levels of hypertension in urban Zimbabweans put them at a potentially high risk for hypertension-related complications including myocardial disease, stroke and kidney failure. 32 The underlying reasons for the high levels of hypertension in this Southern African population remain to be elucidated.
